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'THE PATHOGEIiIC EFFECT OF 
€3 ECTRIC AL CURRENT 

NASA TT F-15,319 

G .  L. Frenkl'l, K .  A. Azhibaye'v2 and I. K .  
Mish&enko3 

/145" - The first systematic invesxigations on electrotrwma r'ere begun t the 
end of the 19th century and the beginning of the 20th century (Prevost, Batelli, 
1899, 1900: Jellinek, 1932; Freiberger, 1934; Ferrls, King, Spenca, killiam, 
1936). IP the Soviet Union, I. R. Fetrov should be considered tne founder of 
eleitropathology. Over the period 1930-1950, together with his associates, 
I .  R. Petrov conducted a large number of investigations devclted t., this E 3b- 

lem. N. A. Vigdorshik (1940) summarized the entire world-wide litera--ure ox. 
electropathology in a monograph which naintains its importance up to tht 
prssent time. 

After the end of World War 11, investigations in :he stdy of electro- 
pathology were intensively conducted in the Kirghiz SSR under the supervision 
of G. A. Frenkel'. 
Kirghiz group of electropathologists were published in the materials of 
conferonces on electrctrauma - the Republican Conference (1957) and the All- 
-Union Conference (1902>, and in thematic collections, as well as in tile 
dissertations of K. A. Azhibalev (i955;, A.  S .  Sultanaliye; (19571, V. Ya. 
Eskin (19622, I. K. Mishchenko (19,23), A. B. Raybosunov (1967), A. Kh. Karaseva 
(1967) and others. 

fie basic results of the iwestigatiom conducted by the 

Intensive work in studying the pathogenesis and therapy c*f injuries 
caused by electrical current was conducted in the laboratmy of V, A. Negovskiy. 

Besides pathophysiologists, engineers (V. Ye. Mitnoylov, A. P. Kiselev, 
G .  S. Solodovnikov, etc.) have besn occupied with a study of problems of 
elecrropathology. 

lMember-correspondent of the Kirghiz SSR Academy of Science. 
2Candidate of Medic61 Sciences. 
3Candicrdte of Biological Sciences. 
"Numbers in the margin indicate pagination in the foreign text. 
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'he biological effect cf electrical current is determined by its physical 
Here, we shall not use parameters, and also by the condition of the organism. 

the term widespread in the electropathological literature, "sensitivity" of 
the organism to electrical current, but rather we shall use the reverse, but 
more correct, concept of "resistance". 

"he characteristic peculiarity of electrical current, as an extreme 
stimulus, is its pronounced "biirradiation" (K. A. Azhibayev, D. A .  

Alymkulov and B. M. Shapiro, 1962)4. 

The animal organism is a "third class conductor" (V. Ye. Manoylov, 1961), _L_ /146 
inasmuch as prcperties of first and second class conductors are manifested 
here in a fc.m alterea by biological principles. 

The effect of an electrical current on the organism is manifested in the 
electrical, shermal and mechanical effect ( S .  Yellinek, 1927; I .  R. Petrov, 
1947; N. A. Vigdorchik, 1940; G. L. Frenkel', 1945; Fischer and Frolicher, 
1951). 
specific effect of current caused by redistribution of ions (Nernst, 1908; P. 
P. Lazarev, 1945). In the foreign literature, occasionally the specific effect 
of a sinusoidal current, on the strength of its variable polarity, is called 
"vibrator current". 

However, of greatest interest for electropathology is the so-called 

The effect of an electrical current on the organism frequently leads to 
the development of extrema1 conditions accompanied by sharp disorders in the 
cardiac activity (cardiac fibrillation), to sharp disorders in respiration, 
and to the development of shock reactions. 

The Effect - of Physical Parameters of the Electrical Current on Electrotrauma 

The Effect of  the Current Path. Standard variants of paths of a current 
passage in the body are shown in Figure 32. 
passed along these "loops" t o  obtain electrotrauma. 

4"Biirradiationtt - the effect from the action of an electticd current on the 
organism. 
on cells, tissues, and organs, and indirectly as the result or c.mrcnt irrita- 
tion of the extero- and interoreceptors lying on its path. 
not a characteristic unique to electrical current. 

In experiment, current is usually 
The loops indicated by 

It is additive, built up from the direct effect of electrical current 

Wiradfation" is 
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numbers 1, 2, 3, 4 and 5 ensure passage of t he  cu r ren t  through the  heart arrd 

a r e  the re fo re  most dangerous f o r  man and t h e  dog. The lower ( i n  animals -h ind -  

most) loop is  unique (see Figure 32, 9 ) .  When a current  i s  passed along the 

lower loop o f  an animal as s e n s i t i v e  t o  i t  as a dog, cardiac f i b r i l l a t i o n  i s  not  
successful ly  a t t a ined  even a t  high voltage.  

Figurc 32. Standard "Loops" (N. A .  Vigdorchik, 1940; 
G. L .  Frenkel'  , 1944). 

The Signif icance of Voltage and Resistance. Electrotrauma i s  conve;.tionally 

divided i n t o  the  following c l a s s i f i c a t i o n s :  

not exceed 1,000 V ,  and high voltage,  when vol tage exceeds 1,000 V. 

and Froel icher  (1951) a l s o  introduce t h e  concept of "super high vol tage 

electrotrauma" (voltage of hundreds of kv, -- i n j u r y  by l i gh tn ing ) .  

low voltage,  when vol tage does 

Fischer 

In i n j u r i e s  by current  of d i f f e r e n t  vol tages ,  the degree o f  pronouncement 

of t h e  responsive react ion va r i e s ;  d a t a  i n  the  l i t e r a t u r e  i n d i c a t e  t h r t  i n  t h e  

range of 200-800 V the re  is l i t t l e  change with an inc rease  i n  vol tage (Wegelin, 
1935; I .  R .  Petrov, 1936). #. A .  Azhibayev (1964), reached o the r  conclusions /147 

which show t h a t  with an increase i n  vol tage even i n  t h i s  interval ,  t he  danger 

of t h e  cu r ren t  increases .  

the r e s u l t  of the f a c t  t h a t  K. A .  Azhibayev worked under t h e  s p e c i a l  climato- 

-meteorological conditions of Central Asia. 

I t  is e n t i r e l y  possible  t h a t  t h i s  d i f f e rence  arose as 

So long as  the  epidermis i s  i n t a c t ,  a gradual increase i n  vol tage leads t o  

a less pronounced increase i n  cu r ren t .  

breakthrough occurs, the cu r ren t  increases  stepwise and subsequently t h e  body 

of t he  animal oraanism acts as a purely ohmic r e s i s t ance .  

data  of various authors,  the magnitude of breakthrough vol tage varies g r e a t l y .  

But as soon as a "his tological"  

According t o  t h e  

, I. 
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Thus, V .  I .  Korol'kova (1956), i nd ica t e s  a range of 10-15 V ,  P.  I .  Podol'skiy 

(1946), considers t h a t  breakthrough can a l s o  occur a t  lower vol tages ,  while A .  

F. Pakhomov (1959) determined t h i s  magnitude t o  be 43 V .  The e l e c t r i c a l  r e s i s -  

tance of human s k i n ,  according t o  V .  Ye. Manoy1.0~ (1966) is  within t h e  limits 

Of 280-400 V/m. 

The r eac t ion  of the organism t o  the  e f f e c t  of  e l e c t r i c a l  cu r ren t  pr imari ly  

depenc's upon the  magnitude of the  invasive cu r ren t  and i t s  fLm. 'Ihe magnitude 

of t he  invasive cu r ren t  (old designat ion - "current strength") i s  linked t o  i t s  

voltage and t o  t h e  body r e s i s t a n c e  o f  t h e  a f f ec t ed  organism by the known 

formula: 
V I = -  
R '  

which expresses Ohm's law. Here I is  expressed i n  amperes, V i n  v o l t s  and R 

i n  ohms. In  t h i s  form the  formEla is used i n  a case i n  which t h e  r e s i s t ance  

i s  a c t i v e  (purely ohmic). 

r e s i s t ances  a r e  induct ive (they comprise t h e  r e a c t i v e  component and a r e  

occasional ly  ca l l ed  "apparent"), then total  ( f i e l d )  r e s i s t a n c e  ( a c t i v e  plus  

r eac t ive )  of t h e  c i r c u i t  is c a l l e d  impedance and i s  designated by Z .  

case, Ohm's formula acquires the  following form: 

I f  t h e  c i r c u i t  a l s o  contains capacitances,  and t h e  

In t h i s  

V 
z I = - .  

Inasmuch as the re  are no metal conductors i n  b io log ica l  systems ( i . e . ,  no condi- 

t i on  f o r  t h e  appearance of induct ive r e s i s t a n c e s ) ,  impedance only includes t h e  

type of r eac t ive  r e s i s t ance  which i s  caused by t h e  presence of capacitances.  

Various replacement systems f o r  one c e l l  (D.  L. Rubinshteyn, 1947) and f o r  

a whole organism ( V .  Ye. Manoylov, 1966; A.  F. Pakhomov, 1961, and o the r s )  

have been suggested. 

organism, t h e  system o f  A .  F. Pakhomov (Figure 33) i s  giveu. 

a c t i v e  -esis tance of t he  skin;  Ri a c t i v e  resistance o f  t h e  i n t e r n a l  organs; 

C capacitance of the  sk in  between t h e  surface of the e l ec t rode  and t h e  sub- 

cutaneous t i s s u e .  

In the  capaci ty  o f  an equivalent system f o r  a whole 

In i t  Rs is t h e  

Inasmuch as  the r e s i s t ance  o f  t he  body of an animal depends upon vol tage 

and frequency of the current  and upon i ts  "loop'1, and while d i f f e r e n t  authors 

have made t h e i r  measurements under various condi t ions,  so i n  t h e  l i t e r a t u r e  

4 



t he re  is a vas t  s c a t t e r  o f  values o f  r e s i s t ance  - from 1,000 t o  1,000,000 ohms. 

But t h i s  pe r t a ins  only t o  t o t a l  r e s i s t ance ,  t he  bas i c  f r a c t i o n  of which is 
determined by the  k e r a t i c  l aye r  o f  t h e  epidermis. 

r e s i s t ance  ( R  i n  Figure 33), i n  t h i s  regard the  authors a r e  q u i t e  agreed and 

estimated it  a t  700-1,000 ohms ( I .  P. Tishkov, 1886; Loebl, 1932; I .  P .  Petrov, 

1947; K .  A .  Azhibayev and I .  K. Mishchenko, 1966). Important i s  t h e  f a c t  that  /148 

r e s i s t ance  changes as a funct ion of t h e  condition of t h e  nervous system - 
for example, pain decreases r e s i s t a n c e .  

With respect  t o  i n t e r n a l  

i 

In t h i s  system, no provision i s  made for t h e  so -ca l l ed  t r a n s i t i o n  re- 

s i s t a n c e s ,  i . e . ,  r e s i s t ances  between e l ec t rodes  (or  conductors) 

and the  organism. In the  experiment, they a r e  made p a r t i c u l a r l y  small, combing 

wool and using separators  soaked i n  e l e c t r o l y t e s .  

N. B. Poznanskaya (1938) showed t h a t  t he  r e s i s t a n c e  of t he  .;;in i n  

various p a r t s  of  t he  body is not i d e n t i c a l .  

l a rge  a reo le s .  

1953; V .  Ye. Manoylov, 1966; L u l l i e s ,  Rumberger, 1966). 

This macromosaicism has q u i t e  

But macromosaicism of the  skin r e s i s t ance  a l s o  exists (Croon, 

The Significance of Current Strength.  The magnitude o f  response r eac t ion  

of t he  animal organism t o  the  e f f e c t  of e l e c t r i c a l  cu r ren t  p r imar i ly  depends 

upon cu r ren t  s t r eng th .  This f a c t o r  w i l l  t he re fo re  be examined i n  g r e a t e r  

d e t a i l  here .  Data of t h e  l i t e r a t u r e  which are ava i l ab le  on t h i s  question 

pr imari ly  p e r t a i n  t o  a l t e r n a t i n g  c- i r rent  a t  50-60 Ht. 

Summary t ab le s  0,' current  values which vary i n  t h e i r  e f f ec t iveness  have 

been published. N. A. Vigdorchik (1940), 1. R .  Petrov (1947), Koeppen and 

Pance (1955) divided cu r ren t s  having d i f f e r e n t  values i n t o  4 ranges. The 

Koeppen and Pance (1955) c l a s s i f i c a t i o n  i s  given below. 

The f i r s t  range i s  made up from 0 .5  t o  2.0 t o  25 mA. The threshold value 

An increase i n  of an i r r i t a t i n g  current  i s  within t h e  limits o f  0.5-2.0 mA. 
current  s t r eng th  beyond the  limits of threshold of sensat ion i s  accmpanied by 
an increase i n  muscular r eac t ion ;  then convulsjons appear i n  t h e  extremit ies ,  

and upc reaching a current  s t r eng th  of 15-25 mA convulsions become so powerful 

t h a t  a man i s  not capable of independently breaking contact with t h e  electrodes 

("unreleasable current", a f t e r  I .  R. Petrov) . 



The second range includes currents  

from 25 t o  80 mA. "Unbreakable current",  
c during s h o r t  term exposure, does not pose 

1 -  any d i r e c t  danger f o r  l i v e s .  With more 

prolonged 'lcontactll with t h e  current-  
Figure 33, Equivalmt System of 
Whole Organism Resistance (A.  F.  -carrying ob jec t ,  cu r ren t s  of t h i s  mag- 

- 
Pakhomov, 1961). ni tude can lead t o  death,  causing con- 

vuls ions o f  t h e  r e s p i r a t o r y  muscles, and 

as a result of t h i s  - acute  e l e c t r i c a l  asphyxiation. 

Currents capable of causing cardiac f i b r i l l a t i o n  belong t o  t h e  t h i r d  range. 

These cu r ren t s  are within limits of from 80 mA t o  3 A .  

According t o  da t a  obtained by Ferris, King, Spens and Williams (1936), 

i n  experiments perfmmed on dogs, sheep, pigs and calves ,  t h e  minimum current  

magnitude causing cardiac f i b r i l l a t i o n  i s  d i r e c t l y  r e l a t e d  t o  body weight and 

h e a r t  weight of these animals. 

i n  excess o f  100 mA inust be considered l e t h a l .  

These authors concluded t h a t  f o r  man a cu r ren t  

I t  has been establ ished t h a t  t h e  danger of appearance of cardiac f i b r i l l a -  

t i o n  during exposure of an organism t o  a l t e r n a t i n g  current  i s  determined by t h e  

magnitude of  the cur ren t  flowing d i r e c t l y  through the h e a r t .  

With an increase i n  the  c t r eng th  o f  t he  cu r ren t  flowing through the h e a r t  

beyond the  limits of i t s  ninimum value causing f i b r i l l a t i o n ,  t h e  cu r ren t  

gradually lo ses  t h i s  capacity.  Such currents  belong t o  the  fourth range. 

with placement of t he  electrodes on the exposed h e a r t  of t he  c a t ,  cardiac 

f i b r i l l a t i o n  zppeared a t  a cu r ren t  s t r eng th  of 2.5-7.5 mA and was absent with 

an increase i n  current  s t r eng th  t o  300 mA (L. S. Poz, 1952). With appl icbt ion 

o f  t he  e l ec t rodes  t o  t h e  su r face  of the thoracic  cav i ty ,  t h e  minimum cur ren t  

value not causing f i b r i l l a t i o n  (minimum d e f i b r i l l a t i n g  cu r ren t )  i s  1.5-2 A f o r  

a dog weighing 5 - &  kg, and 6 A for dogs weighing 13 kg (N. L. Gurvich, 1957). 

In experiments performed on sheep, passing an a l t e r n a t i n g  cu r ren t  (60 Hz) along 

the "r ight  oblique loop" f o r  a period o f  0.03 seconds ( i n  t h e  "vulnerable 

phase" of t he  cardiac cycle) ,  F e r r i s  e t  a l . ,  (1936), showed t h a t  current s t r eng th  

of 1 A does not cause f i b  

Thus, /149 

l a t i o n ,  shocks of a cur ren t  of 4 A were 
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accompanied by f i b r i l l a t i o n  i n  most ca ses ,  shocks of a current  of 1 2  A caused 

f i b r i l l , + i o n  only i n  1/5 o f  t he  cases ,  while 24 A e n t i r e l y  l o s t  t h e  capacity 

t o  cause f i b r i l l a t i o n  but  acquired the  capaci ty  t o  cause prolonged r e sp i r a to ry  

arrest . 
Prevost and B a t t e l l i  (3839) first showed i n  experiments performed cn dogs 

and slnal.1 animals t h a t  with an inc rease  i n  vol tage o f  the invasive current  

within c e r t a i n  limits, i t s  f i b r i l l a t i n g  capaci ty  decreases,  and Jepmdent upon 

the  value of vol tage the re  i s  predominant damage t o  tile organs of r e s p i r a t i o n  

o r  c i r c u l a t i o n .  According t o  t h e i r  d a t a ,  cu r ren t  having a vol tage of 110 t o  

600 V ,  as a rule ,  caused death from primary cardiac a r r e s t ,  while cu r ren t  

having a vol tage of 600 t o  1,200 V caused death pr imari ly  as the r e s u l t  o f  

simultaneous r e sp i r a to ry  and ca rd iac  arrest; current  with a vol tage i n  excess 

of 1,200 v o l t s  cause death as the  r e s u l t  of primary r e s p i r a t o r y  a r r e s t .  This 

same p r i n c i p l e  was la ter  confirmed by Wolter (1930), M. P. Brestkin,  A .  V.  

Lebedinskiy, L. A .  Orbeli and V .  V. S t r e l ' t s o v  (1932), I .  R .  Petrov (1936) and 

o the r s .  

centage of l e t h a l  i n j u r i e s  than lower vol tage cu r ren t ,  and t h a t  with high 

voltage i t  i s  pr imari ly  the  r e sp i r a to ry  apparatus which i s  in ju red .  

primary resp i ra tory  arrest i s  decreased by elementary methods, t h e  outcome of 

high voltage electrotrauma i s  more favoreble.  

da t a  of Kouwenhoven and Milnor, which is  given i n  Table 15. 

These authors noted t h a t  high vol tage cu r ren t  y i e l d s  a smaller per- 

Since 

This is a l s o  confirmed i n  the  

TABLE 15. COMPARATIVE RESdLTS OF USING ARTIFICIAL 
RESPIRATION IN INJURIES CAUSED BY HIGH VOLTAGE AND 

LOW VOLTAGE CURRENT (KOUWENHOVEN, MILNOR, 1957) 

Voltage, V b'o. of injuries No. of those revived 
by artificial respiration I 

18 
110-480 " I  I 

I i 

The Time  Factor. The durat ion o f  t h e  cu r ren t  ac t ion  has r e a l  s ign i f i cance  

f o r  t he  organism's response r eac t ion ,  

carrying ob jec t  can become dangerous due t o  developing asphyxiation. 

Thus, long term contact  with a cu r ren t  

7 



The s ign i f i cance  of the time f a c t o r  has been bes t  s tudied with respect  t o  

t he  appearance o f  e l e c t r i c a l  ca rd iac  f i b r i l  l a t i o n  caused by a1 t e r n a t i n g  current 

(60 H z ) .  A decrease i n  t h e  durat ion of act ion of current  from 3 t o  0.1 seconds 

and l e s s  leads t o  an increase . nearly 10 times i n  the  threshold f i b r i l l a t i o n  

cu r ren t .  

Ferris e t  a l . ,  showed t h a t  i nc rease  i n  durat ion of current  ac t ion  from 

3 t o  1 2  seconds i s  accompanied by a decrease i n  the  threshdld of f i b r i l l a t i o n .  

The same p r i n c i p l e  was e s t ab l i shed  by I .  K. Mishchonko (1962) i n  experiments on - /150 

dogs, 
led t o  a decrease i n  the  threshold of f i b r i l l a t i o n .  

An inc rease  i n  t h e  durat ion of  current  ac t ion  only from 1 2  t o  30 seconds 

I .  R .  Petrov and V .  E .  Glazenat (1939), i n  examining the  s ign i f i cance  of 

t he  time f a c t o r ,  took as c r i t e r i a  of danger not t h e  threshold of f i b r i l l a t i o n ,  

but  r a t h e r  a change i n  arterial  pressure and r e s p i r a t i o n .  

disorders  were a r b i t r a r i l y  i s o l a t e d  (Table 16) . 
Five s t ages  of t hese  

TABLE 16. LINK BETWEEN DURATION GF CLOSING THE CIRCUIT 
OF ALTERNATING CURRENT AND RESPONSIVE REACTION OF THE ORGANISM 

(AFTER I. R .  PETROV AND V .  E. GWZENAT) 
-- 

I 

Time, sec <...US 

0.01 --3,02 
Ci,r 3 
0.c 
0 . h  
G,nQ 
0,i.; 
0,25 

0,4 - -0.5 
0,6-0,7 

1 

Current strength, mA -- I 
I 

f 
4+ 
i- + ++ ++ ++ t++ +++ 

+++ 
t ++ -t++ 

+- + + ++ ++ + ++ ++ ++ + + + 

Designations: 
a r t e r i a l  pressure;  +-weakly pronounced changes i n  re- 
s p i r a t i o n  and a r t e r i a l  pressure;  + more pronounced 
changes i n  r e s p i r a t i o n  and a r te r ia l  p:essure ( together  
o r  individual ly)  ; ++ c l e a r l y  define6 changes i n  ar ter ia l  
pressure;  +++ severe react ion.  
Note: Commas ind ica t e  decimal po in t s .  

- absence of change i n  r e s p i r a t i o n  and 

a 



The Signi f icance  o f  t he  Class of  Current.  Voltages of d i r e c t  and a;;er- - 
nat ing  cur ren t ,  equivalent  i n  t h e i r  effect  on t h e  organism, are respec t ive ly ,  

120 and 42  V ( A .  S. Sul tana l iyev ,  1957). Kouwenhoven and Langworthy (1930) ,  

showed t h a t  d i r e c t  cur ren t  i s  less dangerous than a l t e r n a t i n g  cur ren t  only up 

t o  a vol tage of  500 V .  A t  a vol tage  o f  500 V ,  t he  danger of  both c l a s ses  of  

cur ren t  is  equal ,  while i n  vol tages  of  more than 500 V d i r e c t  cur ren t  i s  more 

dangerous. 

These d a t a  were a l s o  la te r  confirmed by V .  Ye. Manoylov, A.  F .  Pakhomov 

and G .  S. Solodovnikov (195.5; on white mice, and by K .  A. Azhibayev (1957) on 

Jogs. 

In work with d i r e c t  cu r ren t ,  t h e  ques t ion  o f  t he  s ign i f i cance  o f  t he  

d i r ec t ion  o f  cur ren t  unavoidably a r i s e s ,  i . e . ,  i s  t h e  cur ren t  ascending 

(cathode on t h e  c ran ia l  p a r t  of  t h e  body, anode on t h e  caudal) o r  v i ce  versa .  

Ascending d i I ? c t  cur ren t  i s  more dangerous than descending cu r ren t  o f  t h e  sams 

vol tage (Wilcke, Broghammer, 1956; K .  A .  4zhibayev, 1957). 

Wilcke and Broghammer expla in  t h i s  by the  fact t h a t  t h e  cathode increases  

e x c i t a t i c n ,  while t he  anode suppresses i t .  

d i r e c t i o n  of t h e  c u r i e n i  t he  s inus  ganglion of the  h e a r t  i s  under t h e  accelera- 
t i n g  iqf luence of  t h e  cathode, while  t h e  apex is  under the  suppressing effect 
of  t h e  anode. With a descending cu r ren t ,  t h e  s inus  ganglion is  suppressed by 

the  anode, while t he  e x c i t a b i l i t y  of: t h e  apex is  increased by t h e  cathode. 

Stimulus proceeding from t h e  s inus  ganglion with t h e  ascending cur ren t  enxwnte r s  

ever increas ing  suppression o f  conduct ivi ty  on i t s  path.  

G f  conduct ivi ty  becomes lower than the  c r i t i ca l  value (12 cm/sec, a f te r  
Trautwein, 1950), f i b r i l l a t i o n  ensues. With a descending cu r ren t ,  thG wave 

of  stimL;lus, proceeding from the  anode-suppressed s inus  ganglion, i s  hastenea 

by the  cathode during i t s  propagation. 

a l l  condi t ions e x i s t  f o r  t he  appearance o f  f i b r i l l a t i o n  over t h e  course o f  t he  

e n t i r e  time t h e  c i r c u i t  i s  closed,  while a t  the  same time with a descending 

cur ren t  these condi t ions e x i s t  only a t  t h e  moment of  c i r c u i t  break. 

Therefore,  with the  ascending 

When t h i s  suppression 

Therefore,  with a descending cur ren t  

Extremely demonstrative is t h e  experiment where two dogs are simul- 
taiieousiy included i n  the  c i r c u i t  such t h a t  a d i r e c t  descending cur ren t  runs 

r 
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through one, while an ascending d!.rected cur ren t  runs through t h e  o ther  ( K .  A .  

‘.zhibayev). H i m ? ,  the  primary in ju r ious  parameter - cur ren t  value is s t r i c t l y  

equal. 
d i rec t ion  d i e s ,  while a t  t h e  same time t h e  dog connected i n  t h e  descending 

d i r e c t i o n  remains a l i v e .  In  white mice, i n  which i r r e v e r s i b l e  card iac  

f i b r i l l a t i o n  does not  appear, t he  d i r e c t i o n  of  d i r e c t  cur ren t  Nith o ther  condi- 

t ions  being equal has no s ign i f i cance  (A.  S. Sultanal ivev,  1959). 

As one sees from Figure 34, t he  dog connected i n  t h e  ascending 

120 
Descending 

.O seconds 
LIYY 

Figare 34. 
a Direct  Current C i r c u i t  of Two Dogs: 
Descending Direct ion (Upper Kymogram of A r t e r i a l  
Pressa le ) ,  t he  Other ,.on an Ascending Direct ion 
(Lower Curve of  Kymogram). 
t he  moment of  c los ing  t h e  c i r c u i t  (K. A.  Azhibayew, 
1957). 

Simultaneous Succcssive Inclusion In to  
One on the  

The arrow ind ica t e s  

The Role of  Frequency o f  Al te rna t ing  - Cvrrent.  - An inves t iga t ion  of t h e  r o l e  

of frequency o f  an e lectr ical  cu r ren t  w a s  i n  Its time t h e  cause for nnich d i spu te  

as t h e  r e s u l t  o f  t h e  fact t h a t  d i f f e r e n t  authors use d i f f e r e n t  ob jec t s  Jf ob- 
serva t ion  and d i f f e r e n t  physiological  c r i t e r i a .  The most e f f e c t i v e  frequency 

f o r  causing f i b r i l l a t i o n  in l a rge  animals i s  a cur ren t  frequency wi th in  t h e  

l ia i ts  of  40-60 H z .  The danger of  cur ren t  f o r  these  animale diminishes both 
with respec t  t o  increasing the  frequency beyond t h e  l i h t s  of 60 Hz ( h l t e r ,  

1930, 1934; S. F.  Lidikh, 1. .\, Kanevskiy, 1935; Kuuwenhoven, Hooker, Lotz, 

1936: B. I .  Kadykov, 8 .  V .  Orlov, 1958; K. A .  Azhibryev and V. Ya. Eskin, 1960, 

- 
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cnd o t h e r s ) ,  and with r a s i e c t  t o  decreasing the frequency below 40 Hz (Wolter, 
1930, 1934; Kouwenhoven, Hooker and Lotz, 1936; Ferris c t  a l . ,  1936;. 

Hence, a l l  t he  inves t iga to r s  who szddied the  e f f e c t  o f  a l t e r n a t i n g  cu r ren t  /i=2 
on the  !iearts o f  l a rge  animals concluded t h a t  t h e  f:-equercy of  e l e c t r i c a l  

current. on an  orde;. o f  53 Hz i s  most dangerous with respect  t o  t h c  appearance 

o f  f i b r i  1 l a t i o n .  

In  s p i t e  o f  t r a d i t i o n a l  viewpoints t o  the  e f f e c t  t h a t  t h e  dangei of a i t e r -  

natinlj cu r ren t  decreases on both s i d e s  o f  t h e  c r i t i c a l  frequency (50 Hz), r epor t s  

have appeared (Dalz ie l ,  1943, 1953), t h a t  i n  a r de o f  a t  least  50-1,000 Hz 
a decrease i n  t h e  in ju r ious  e f f e c t  of e l ec t r i ca !  cu r ren t  on man i s  not observed. 

G .  S. Solodovnikiv and 0. D. Ushinskaya (1957), having affi imed the  p ro fcs i t i op  

of Dalziel ,  found, moreover, a coincidence o f  r e s u l t s  with respect  t o  the 

parameters o f  t h e  motor r eac t ion  ( i n  people and r a b b i t s ) ,  and with respect  t o  

a l e t h a l  outcome (on nrhite mice). 

K. A .  AzniSayev, I .  K .  Mishchenko, v .  Ya. Eskin, M. T. Turkqenov, and G .  

I , .  Frenkel '  (1964), showed t h a t  t h e  frequency o f  200 Hz i s  most dangerous wich 

.espect t o  t h e  effect o f  r e sp i r a to ry  arrest .  

Experiments set up by K .  A .  Azhibz.yav and V .  Ya. Eskin I1960) , under 

conditions o f  decreased atmospheric pressure,  p a r t i c u l a r l y  c l e a r i y  revealed an 

increase i n  t h e  danger of r e sp i r a to ry  death with cu r ren t s  o f  increased f r e -  

quency i n  the  range of 50-200 Hz (Figure 35). 

K .  A .  Azhibayev and h i s  a s soc ia t e s  (1964) invest igated the  comparative 

e f f e c t  o f  various cu r ren t  frequencies i n  t h e i r  elementary mixture. 

capaci ty  o f  c r i t %  * ia  f o r  es t imat ing t h e  effect of cu r ren t s ,  f i b r i l l a t i o n  of t h e  - /153 
h e a r t  and e l e c t r i c a l  asphyxiation were chosen. I t  turned ou t  t h a t  during t h e  

ac t ion  of  two frequencies i n  t h e  range o f  50-10,OOC Hz,  varying i n  d i r e c t i o n ,  

t he  f i b r i l l a t i n g  ac t ion  depends on t h e  frequency of mixture components (Figure 

In t h e  

3 c : .  

A s  is seen from t h i s  f i gu re ,  leading s ign i f i cance  foi- t h e  f i b r i l l a t i n g  

e f f e c t  o f  t he  cu r ren t  belongs t o  t h e  lowest frequency component of any mixture5. 

5 ~ h e  p r a c t i c a l  s ign i f i cance  of inves t iga t ing  mixtures of severa l  frequencies 
see i n  the  book: I .  K. Akhunbayev and G. L. Frenkel ' ,  196' . 
- - 
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Proportional t o  i t s  increas-,  t he  worsening e f f e c t  of t he  .c Zond frequenLy de- 

creases and with mixtures of 50 + 2,000 Hz, t h e  significa..ce of the second 

frequeacv a c t x a i l y  disappears.  

d f  near f requatcies ,  which d i f f e r  fr>m each o t k e r  by SO t o  100 Hz, i nc reases .  
Tsis occurs 33 t h e  rer.ult  of t!,c formation o f  beats  having frequencies of 50-100 

Hz, which are m o j i  dacgerous f o r  ca-diac damage ( the  drop i n  cQrves a and b i n  

, i gu re  36 is t he  sa-cal led crutch phenomnon) . 

We note thLi t he  f i b r i l l a t i n g  e f f e c t  of mixtures 

-. 

Ths Eff t i t  of t h e  Condition of 
t h e  Organism and Environmental 
Factors on Electrotrauma - - -- 

The Signif icance of t h e  

Ccndition - of t h e  Organism. The 

biolog! c a l  effect o f  e l e c t r i c a l  

cu r ren t  s i g r i f i c a n t l y  depends on 

the  o r i g i n a l  condition o l  t h e  

Fxquericy of altevating current, Hz organisa.. S. Yellinsk (1977) noted 

Figure 35. The Curve of t h e  D2pendence t h a t  electrctrauma received during 

s l eep  occurs more favorably.  This 

i s  apparently relsteci  t o  i n h i b i -  

of-Lethal I n j u r i e s  on Frequency- of 
Current arid Height Above Sed Level 
(Experiments i n  the  Pressure Chamber) 

t i o n  of t h e  cerebral  coi:ex. F. (K. A .  Ezhibtlyev, V .  Ya. Eskin, 1960). 
Heigk.t abcve sea level :  i, 4,000 m; 
2, 2,000 m; 3, 760 m. M. Danovich (1947), i n  an experi- 

ment oli mire, showed t h a t  e t h e r  

anesthesia decreases the danger of acute  e l e c t r o t r a m a  by more than 15 times. 
Simiiar da t a  have a l s o  been obtained on o the r  spec!-es o f  anima's (V. N. 
Proskurir: apd S. P. Petrenko, 196:' S. U. Yakushevich and G. M. Yevel'kjn, 1962; 

V.  N. Boytsov and Ysi. M. iimenko, 1962; M. S. Chekan and S. V Hfanas'yev, 1962). 

I t  i; notable t h a t  i n  Yhypnotic slee?", the  dange- of e l e c t r o t r a m a  aAso de- 

crc?ses \?'. N. Proskurin and S ,  I .  Petrrenko, 1962). 

Alcohol drunkenness decreases r e s i s t ance  t o  e l e c t r i c a l  cu r ren t  (Manoilw, 

1935; Ajel lo ,  1935). 

upon the  depth of druqkenness a l l  t h e  same (G. L .  FrenAel', 1944): drimkenness 

up t o  the degree of narcosis  a c t s  as t h e  l a t te r .  A c e r t a i n  s i g n i f i c m c e  i n  the  

mechanism o f  t h e  i n ju r ious  e f f e c t  of e l e c t r i c a l  cu r ren t  a t taches t3  t h e  degree 

Apparently, t h e  dagxee of  r e s i s t a n c e  t o  cur2ent dep.nds 
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of oxygen s t a r v a t i o n .  

t o  e l e c t r i c a l  current  (P. P. Goncharov, 1939; I .  K .  Mishchenko, 1963). However, 

K. A .  Azhibayev and I .  K .  Mishchenko (1966), came t o  contradictory conclusions. 

This d i f f e rence  is apparently r e l a t e d  t o  t h e  d i f f e r e n t  degree o f  asphyxia *ich 

these authors caused. 

Deep asphyxia decreases t h e  r e s i s t ance  o f  t he  organism 

Electrotrsuma appearing 

aga ins t  a background of blood 

loss has more severe occurrence 

(P. P. Goncharov, 1939; G .  L. 
Lyuban, 1957). There a r e  a l s o  

contradictory d a t a ,  however 

( S .  F.  Yakushevich and G. M. 
Yevel'kin, 1962); t h i s  contra- 

d i c t i o n  i s  pr imari ly  explained 

by the  use of d i f f e r e n t  species  

o f  animals. 

Important s ign i f i cance  

a t t aches  t o  a f a c t  e s t ab l i shed  

by I .  R. Petrov (1939), con- 

Figure 36. 
W o  Frequencies of Alternat ing Current 
on Cardiac F i b r i l t a t i o n  (K. A. AzLihayev, 

The Effect  of Mixtures of cerning a decrease i n  r e s i s t a n c e  

to  e l e c t r i c a l  cu r ren t  among 

I .  K .  Mishchenko, M. G.  Turkmenov, animals t o  whose food thyroidin 
G .  L. Frenkel ' ,  V.  Ya. Eskin, 1964). a ,  
Curve of t h r e s h o l d - f i b r i l l a t i n g  cu r ren t s  
i n  mixtures ,  i n  which b a s i c  frequency t o  c l i n i c a l  observation (Stassen, 
is 50 Hz (mixed frequencies a r e  shown 
on the  lower o u t l i n e  of t h e  axis of t he  
abscissa)  ; b,  curve of threshold- 
- f i b r i l  l a t i n g  cu r ren t s  i n  mixtures i n  
which the  bas i c  frequency i s  150 H z  

is added. This f u l l y  corresponds 

1936; N. K. Syronskiy and M. Ya. 
Saprov, 1948). Hypothyroidosis 

has an opposite e f f e c t  (Horton, 

(mixed frequencies are shown on the  Hergt ,  1936) . 
upper l i n e  a f  t he  axi? of t h e  absc i s sa ) .  

d i seases ,  tuberculosis ,  s t a t u s  thymieo-limphaticus and fatigue, according t o  

A j e l l o ' s  d a t a  (1935), increased the  danger of i n j u r y  by electrical current .  

But one shoilld bear  i n  mird t h a t  f a t i g u e  can increase electrotraumatism as the  

Exhaustion, cardiovascular  

13 



r e s u l t  of dzcreasing a t t en t iveness .  S. F. Libdih and i .  V.  Tserpinskiy (1934), - /154 

es tab l i shed  t h a t  r e s i s t ance  to ca r ren t  it dogs does ilot change during f a t igue .  

K .  A .  Azhibajev and I .  K. Mishchenko were alsr,  unable t o  note  t h a t  f a t igue  

decreased r e s i s t ance  of  dogs t o  e l e c t r o t r a m .  

Forms of Death From t h e  Effec t  of E l e c t r i c a l  Current. Forms of death from -- 
e l e c t r i c a l  cur ren t  a r e  sigr.ificant1; determined by tile spec ies  of animal. 

.'.mporzant s ign i f i cance  a t t aches  t o  the  quest ion of :  

s-mntaneously emerging from a condi t ion of  card iac  f i b r i i l a t i o n  or not? 
i s  an an iaa l  capable of 

Among small animals (mice, r a t s ,  guinea p igs ,  r a b b i t s ,  c a t s ,  and even 

Macacus monkey,.'. cardia: f i b r i l l a t i o n  has a r evor s ib l e  charac te r  (Lel l inek,  

1927; Ferris et  a l . ,  1936; I .  R. Petrov, 1936; N. A .  Bigdorchii, 1940; Brooks 

e t  a l . ,  1355; Kouwenhoven, Milnor, 1955; V. i'a. Erkin, 1962, and others). A t  

the  same time, amcng l s r g e  animals, comparable i n  weight t o  3 man (dogs, 

sheep, p igs ,  ca lves ) ,  cardia: f i b r i l l a t i o n  does not  spontaneously end (Ferris 

et  al . ,  1036; I .  R. Petrov, 1947; V. A. Negovskiy, 1954; Brooks e t  a l . ,  1955; 

N. L. Survich, 1957; K. A.  Azhibayev, 1357; I .  K. Mishchenko, 1963; A .  Kh. 
Karaceva, 1967, and o t h e r s ) .  Under t h e  condi t ions of an experiment, small 

animals d i e  only h ide r  t h e  e f f e c t  of a relatively high s t r eng th  cur ren t  with 

phenomena of r e sp i r a to ry  a r r e s t .  

Notwithstandin2 t h e  f a c t  t h a t  the  experimental animals s i g n i f i c a n t l y  

d i f f e r  from man with respec t  t o  a number of physical and physiological  signs, 
response reac t ions  i n  them t o  d i f f e r e n t  va r i an t s  of  i r r i t a t i o n  with e l e c t r i c a l  

cur ren t  can be near those of  man. 

Death from Respiratory Arrest. For c e r t a i n  spec ies  of aTlimals, the  

During passage r e sp i r a to ry  form af death from e l e c t r i c a l  cur ren t  i s  t y p i c a l .  

of a cur ren t  of r e l a t i v e l y  low s t r eng th  along t h e  trunk, convulsive r e sp i r a to ry  

arrest appears as t he  r e s u l t  of t e t a n i c  contractior.  o f  t h e  r e s p i r a t o r y  muscles. 

Death o f  t h e  organism as the  r e s u l t  of r i g i d i t y  of  the r e s p i r a t o r y  muscles can 
occur only during adequately prolonged passage of  t he  e l e c t r i c a l  cur ren t  

through the  body (Fe r r i s  e t  a l . ,  1936). 

During c losure  of t h e  e l e c t r i c a l  current maxim exp i ra t ion  occurs, f o r  

t he  power i f  t he  expi ra t ion  musculature is g rea t e r  than t h a t  of t h e  i n s p i r a t i o n  
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musculature (A.  V .  Grinberg, 1939). This s i g n i f i c a n t l y  worsens the  course of 

electrotrauma, for i n  the organism t h e r e  is  a great  decrease i n  the  oxygen 

reserve ( I .  K. Mishchenko, 1967). Besides t h i s  per ipheral  mechanism of r e sp i r a -  

tory arrest, the re  i s  a l s o  a c e n t r a l  mechanism linked t o  i n h i b i t i o n  of the 

re5;piratory cen te r .  Central  r e sp i r a to ry  a r r e s t  occurs during t h e  a c t i o n  of  

currents  of much g r e a t e r  magnitude than those which cause "welding" of t h e  

r s s p i r a t o r y  musculature. 

t h e  r e s p i r a t o r y  cen te r  t o  be severe anemia of t he  b ra in  occurring as  the result 

o c  a decrease i n  ar ter ia l  pressure (Urquart, 1927; Pietrusky, 1938; M.  A .  

I?;azanov, 1937) . 

Certain authors consider t h e  reason f o r  p a r a l y s i s  o f  

I .  R. Petrov (1947) l i nks  the  r z s p i r a t o r y  disorder  r e s u l t i n g  from exposure 

t o  e l e c t r i c a l  cu r ren t  pr imari ly  t o  e x c i t a t i o n  and subsequent p a r e s i s  of the  

r e sp i r a to ry  cen te r  as t he  r e s u l t  of s t imu la t ion  of a l a rge  number of i e n s i t i v e  

nerve endings and in t e ro recep to r s .  Weiss ( c i t ed  by I .  R .  Petrov, 1947), sees 

the  reason f o r  r e sp i r a to ry  death during electrotrauma i n  asphyxia which develops 

due to  t e t a n i c  contract ion of the  muscles. 

by spasm o f  t h e  rima g l o t t i d i s  which appears during t h e  passage of cu r ren t  

along the  t ransvulvar  loop (hi. T. Turkmenov, 1957), when breathing becomes 

impossible with y e t  preserved e x c i t a t i o n  of the  r e sp i r a to ry  cen te r .  

case,  tracheotomy has a l i f e s a v i n g  e f f e c t  even with t h e  cu r ren t  s t i l l  running. 

"his e f f e c t  can be strengthened 

In t h i s  

1155 However, t h i s  i s  c h a r a c t e r i s t i c  only for t ransvulvar  cu r ren t .  As A. I .  - 
Grinberg (1939) showed, with the  standard loops spasm of t he  rem g l o t t i d i s  is 

absent.  

along the  t ransvulvar  loop, instantaneous p a r a l y s i s  of the r e s p i r a t o r y  cen te r  

is  possible .  

With adequately high cu r ren t  s t r eng th  or with the  passage o f  +' current 

I .  K. Mishchenko (1966) e s t ab l i shed  t h a t  t h e  dvrat ion of l e t h a l  e l e c t r i c a l  

asphyxia of t h e  muscles i s  near ly  5 times s h o r t e r  than t h e  durat ion of l e t h a l  

mechanical asphyxia, 

the organism under conditions o f  e l e c t r i c a l  asphyxia. 

This i nd ica t e s  t h e  r ap id  exhaustion of oxygen reserves  of 

Ceath From Cardiac Arrest. During the  passage of a cur ren t  through the - 
wganihz one observes various r eac t ions  with respect  t o  t h e  h e a r t ;  t hese  are t o  

a s i g n i f i c a n t  extent  determined by the  s t r eng th  and path of t h e  c u r r e n t ' s  
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passage. n e s e  react ions a r e  extremely varied: tachycardia and bradycardia,  

ex t r a sys to l e ,  blockade and, f i n a l l y ,  t he  most threatening - f i b r i l l a t i o n .  

I t  h a s  Leen e s t ab l i shed  t h a t  t h e  heart is "vulnerable" t o  e l e c t r i c a l  shock 

only i n  a st;t?:e of i t s  r e f r a c t i v i t y  ("vulnerable period"), which on t h e  e l e c t r o -  

cardiogram coincides with the  T sp ike  (DeBoor, 1920-1921; Andrus, Carter  and 

Wheeler, 1 9 X ,  Wegria, Moe, Wiggers, 1941; Wiggers, 1949; Ferris e t  a l . ,  1936). 

However l i t : '  3 is  known of the  f a c t  t h a t  t he  vulnerable period i s  not uniform, 

but ratl iar F-is two moments of increased v u l n e r a b i l i t y  (Brooks e t  a l . ,  1955). 
I n  t h e  l i t e . . a t u r e  these  two moments are c a l l e d  c'dips116. There are two dips:  

t h e  f i r s t  (t ar ly)  has high threshold,  t h e  second ( l a t e )  - low threshold 
(Brooks e t  a? .  , 1955). 

L €  the. , t rength of t h e  st imulus endured during the  "dip" s i g n i f i c a n t l y  

exceedi tha .hreshold, then here  what occurs i s  not  a uniform con t rac t ion  o f  

the be?tricll!s, bu t ,  as a r u l e ,  s l i g h t  e x t r a s y s t o l e  and even groups o f  them. 

With t t e  subsequent increase i n  st imulus s t r e n g t h  t h e  threshold of f i b r i l l a t i o n  

i s  rzac\!l?d which has t h e  least magnitude during both "dips". 

covery of a l l  t hese  facts i t  became c l e a r  t h a t  a s i g n i f i c a n t  r o l e  i n  t he  poly- 
morphism of e i e c t r o t r a u a  i s  played by a new, h i t h e r t o  unknown physiolcgical  

parameter 

With t h e  d i s -  

There e x i s t s  a near ly  unanimcus opinion of t he  f a c t  t h a t  v e n t r i c u l a r  

f i b r i 1 l a t . o n  during electrotrawna i n  man is  almost unavoidably fa ta l  (Brooks 

e t  a l . ,  1S55; H. L.  Gurvich, 1957; V.  A. Negovskiy, 1960 and o the r s ) .  The 

p o s s i b i l i t y  o f  indepew' n t  ce s sa t ion  o f  v e n t r i c u l a r  f i b r i l l a t i o n  i n  man is  
extreffiely d o u ~ t f u l ,  although t h e r e  a r e  s c a t t e r e d  r epor t s  on t h i s  sub jec t  from 
a u t h o r i t a t i v e  c l i n i c i a n s  ( V .  Ye. Nevlin and S. Ye. Karpay, 1959; L. I .  

Fogell:ion, 1961). But occasionally ca rd iac  arrest is not r e l a t e d  t o  f i b r i l l a -  

t i o n ,  cnd i n  t ' lese cases,  apparently,  it is  caused by s t imulat ion of the vagis 
nerve [ I .  R .  Pet-ov, 1947) F ina l ly ,  ca rd iac  a r r e s t  during exposure t o  e l e c t r i -  

c a l  cu r ren t  can occur as .Lhe r e s u l t  of severe s t enos i s  of t h e  coronary blood 

vesse l s .  

-- 
6"DDj.p11 i n  En-riish s i g n i f i e s  a "droptt. This term i n  t h e  world l i terature,  in 8 
manner simi !ar xo t he  word "stresstt, has a l s o  remained un t r ans l a t ed  i n t o  o the r  
language: 
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The f a c t  t h a t  e l e c t r i c a l  cu r ren t  can cause coronary d i so rde r s  was first 

indicated by Huettstrung (1934). K. A. Azhibayev (1955), who invest igated 

the electrocardiogram during nonletha: electrotraumas i n  an experiment, a l s o  

observed coronary changes on the EKG which i n d i c a t e  myocardial ischemia. 

Azhibayev obs.?rved such changes i n  tcs ts  as well, when simulating ' e l e c t r o -  

convulsive therapy", which was confirmed by Z .  A.  Severova (1957), and under 

conditions of c l i n i c a l  observation. 

K. A .  

0. I .  Glazova and N. N. Syrenskiy (1939) suggests t h a t  t h e  organic changes 

which zre observed i n  t h e  h e a r t s  of persons in ju red  by an e l e c t r i c a l  cu r ren t  

appear as t\e result o f  coronary spasm, i . e . ,  are of ischemic o r i g i n .  

same charges i n  the myocardium i n  p a t i e n t s  who had received electrotrauma were 
observed over a period of several  months by 0. M. Krynskiy and L. S. Musikhin 

(1961). Today, i n  t h e  German l i t e r a t u r e ,  t he  term "angina pec to r i s  e l e c t r i c a "  

has even become firmly implanted, and Koeppen (1955) divides  i t  i n t o  funct ional  

and organic.  

The very /156 

According t o  the  d a t a  of Ferris e t  a l . ,  and a l s o  according t o  t h e  obser- 

vat ions of K.  A. Azhibayev and I .  K .  Mishchenko, myocardial ischemia during 

experimental electrotrauma usual ly  vanishes r ap id ly .  However, spec ia l  i n v e s t i -  

gations o f  K. A .  Azhibayev and U. A .  Alymkulov (1962) showed t h a t  these periods 

can a l s o  be long (up t o  1 hour). 

I t  is known t h a t  myocardial hypoxia i s  only capable of causing f i b r i l l a -  

t i o n  i f  i t  i s  nonuniform (Brooks et  a l . ,  1955; Veek, 1960; K. A. Azhibayev and 

I .  K .  Mishchenko, 1966, and o t h e r s ) ,  Uniform myocardial hypoxia, as t he  experi-  

ment; of K .  A .  Azhibayev and I .  K. Mishchenko (1966) showed, on t h e  o t h e r  

hand, increases  the threshold of t he  f i b r i l l a t i n g  e f f e c t  of cu r ren t  thanks t o  

a decrease i n  e x c i t a b i l i t y  of  t he  myocardium. 

Various pharmacological preparations a l te r  the  r e s i s t a n c e  of t h e  h e a r t  

to  e l e c t r i c a l  cu r ren t .  Thus, the catecholamines decrease t h i s  resistance: 
a f t e r  an i n j e c t i o n  of adrenal ine f i b r i l l a t i o n  of t he  v e n t r i c l e s  occurs with 

l e s s e r  force and l e s s e r  durat ion of t he  cu r ren t  effect. 

t he  developnient of f i b r i l l a t i o n .  

nerve increase the  tempo of f i b r i l l a t i o n  of t h e  a u r i c l e s  (Rosenblueth, 1953), 

and do nox have any e f f e c t  on the f i b r i l l a t i o n  contract ion of the v e n t r i c l e s  

Acetylcholine prevents 

Acetylcholine i n  s t i m l a t i o n  of t h e  vagus 
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(Wiggers, 1941). 

nerve i n  t h e  h e a r t ,  t he  passage of a cu r ren t  is t o t a l l y  unref lected i n  the  tempo 

of f i b r i l l a t i o n  (Urquart, 1927; I .  R .  Petrov, 1936, 1947). 

I f  a t ropine completely paralyzes t h e  endings of t he  vagus 

The sympathomimetic amines inc rease  t h e  v u l n e r a b i l i t y  o f  t h e  h e a r t  t o  

e l e c t r i c a l  current  (Wiggria and Nikkerson, 1942; Hoffman, Siebens, Cranfi ld  and 

Brooks, 19%). This e f f e c t  has a phase character  and is  linked with an increased 

content of potassium i n  t h e  blood serum. N. L. Gurvich (1957), causing f i b r i l l a -  

t i o n  of t h e  h e a r t  i n  dogs with potassium chlor ide,  noted a decrease i n  t h e  

threshold of f i b r i l l a t i o n  upon t h e  adminis t ra t ion of adrenal ine o r  a t ropine , 
which is  linked with an inc re - se  i n  the cardiac tempo i n  response t o  t h e  

adminis t ra t ion of these substances.  

K .  A. Azhibayev and I .  K .  Mishchenko (1966), i n  experiments performed on /157 

dogs, showed t h a t  nicotinamide leads t o  an inc rease  i n  t h e  threshold of e l e c t r i -  
cal f i b r i l l a t i o n  of t he  h e a r t ,  on the  average 50% above t h e  o r i g i n a l  l e v e l .  

E l e c t r i c a l  Shock. The shock which appears during electrotraumas belongs 

t o  the  group o f  painful  ones ( I .  K .  Akhunbayev and G. L. Frenkel I ,  1960, 1967). 

With s h o r t  term contact  of man and a current-carrying ob jec t ,  i f  f i b r i l l a t i o n  

does not develop and r e s p i r a t i o n  does not cease,  t yp ica l  shock can appear with 

very s h o r t  term and high e r e c t i l e  phase and with rapid t r a n s i t i o n  t o  t h e  to rp id  

phase. With more prolonged passage o f  t h e  cu r ren t ,  shock appears as the  r e s u l t  

of severe pain s t imulat ion of t he  receptors  and nerve columns, pa in fu l  con- 

vulsions o f  t he  muscles and spasm of t h e  blood vesse l s  (ischemic pain) .  

In the experiment, i f  t h e  "envelope is not  used, shock i s  b e s t  

caused when conducting the  experiment under conditions of trachit.1 i n tuba t ion  

and a r t i f i c i a l  r e s p i r a t i o n ,  f o r  a long period o f  time is necessary t o  exhaust 

the nervous system. 

"Ihe arrangement of t he  experiment must of course be such as t o  make it possible  
t o  exclude f i b r i l l a t i o n  of t he  h e a r t .  For t h i s  purpose, a t  t h e  suggestion of D. 
A .  Alymkulov, one uses a s p e c i a l  path f o r  passing the  cu r ren t  through the  body 
of the animal which N. L. Gurvich successful ly  termed t h e  "envelope loop". In 
t h i s  arrangement a l l  4 electrodes are placed on the  paws of the  dog, an arrange- 
ment by which adequate conditions a r e  obtained f o r  maintaining t h e  reflex com- 
ponent of the shock of t he  c u r r e n t ' s  e f f e c t ;  bu t  t he  fo rce  lines of  the  cu r ren t  
here  a r e  maximally drawn away from t h e  h e a r t .  A cur ren t  of uniform magnitude 
over the ' l fu l l l l  and "envelopev1 loops i n  the  first case appears, and i n  t h e  
second does not cause f i b r i l l a t i o n .  
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In c e r t a i n  cases,  when passing the  cu r ren t  along the  "envelope loop", one 

succeeds i n  obtaining an e n t i r e l y  adequate e l e c t r i c a l  shock f o r  human pathology, 

with well pronounced phaseness and extended torpid phase (Figure 37).  

4 r L  L. ~~ 

Figure 37. 
Spuntaneous Respiration (D.  A .  Alymkulov, 1961). From top t o  
bottom: r e s p i r a t i o n ;  a r t e r i a l  pressure;  change i n  blood flow 
r a t e .  

E l e c t r i c a l  Shock i n  t h e  Dogs Nith Maintenance o f  

Exogenic Effects  on Electrotrauma. Certain exogenic inf luences a l s o  a l t e r  

t he  r e s i s t ance  of t he  organism t o  e l e c t r i c a l  cu r ren t .  Thus, overheating s i g n i -  

f i c a n t l y  diminishes t h i s  r e s i s t a n c e ,  which i s  apparently caused by incre:sed 

e x c i t a b i l i t y  o f  t he  vasomo'ior and r e s p i r a t o r y  centers  (P. P. Goncharov, 1939). 

In overheated animals death frequent ly  ensues due t o  primary cardiac arrest 
(P. P. Goncharov, 1939; A .  S. Sultanal iyev,  1957). 

Cooling of animals, on the o the r  hand, increases  t h e i r  r e s i s t a n c e  t o  

e l e c t r i c a l  current  (V. A .  Volkov, 1960). 

f a c t  t h a t  during the  summer instances of electrotrauma inc rease  w h i l e  they 

decrease i n  the  winter (Machlachan, 1934; Krakmar, 1961; V. Ya. Eskin e t  al . ,  
1961). 

This i s  e n t i r e l y  i n  keeping with t h e  

Ul t r av io l e t  i r r a d i a t i o n  as a phase e f f e c t  on t h e  s e v e r i t y  o f  e l e c t r o t r a m s ,  

dependent upon the durat ion of i r r a d i a t i o n :  

the r e s i s t ance  of white mice t o  e l e c t r i c a l  cu r ren t ,  while during more prolonged 

s h o r t  term exposure increases 

'posure one observes the  reverse  p i c t u r e  (K. A .  Azhibayev, 1957). 

S ign i f i can t  i n t e r e s t  i s  posed by the  p e c u l i a r i t i e s  of  i n j u r i e s  caused by 

e l e c t r i c a l  current under conditions o f  a l t e r e d  atmospheric pressure.  

A.  U .  Aytkulova (1957), showed t h a t  t h e  r e s i s t a n c e  of animals (white mice) 
t o  e l e c t r i c a l  current  decreases with a decrease i n  barometric pressure below 

normal. 
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The same d a t a  were obtained by M. D. Aksenov and A. F .  Pakhomov (1953) i n -  

dependently of A .  U. Aytkulova. 

I .  K .  Mishchenko (1966), i n  i nves t iga t ions  which were a l s o  conducted on 

mice, showed t h a t  a change i n  a l t i t u d e  from 760 t o  3,200 meters above s e a  

l eve l  does not a l t e r  the threshold values of vol tage which causes severe i n -  

j u r i e s  (3rd and 4th degree).  However, during t h i s  process,  t r a n s i t i o n  of 3rd 

degree in ju ry  t o  4th degree in ju ry  is  observed, i . e . ,  with a change i n  a l t i t u d e  

the re  i s  an increase i n  the percentage of l e t h a l  i n j u r i e s ,  which i s  explained 

by a decrease i n  t h e  oxygen reserve of t he  organism. 

/158 

A l l  t hese  d a t a  p e r t a i n  t o  the  r e sp i r a to ry  form of death. With reepect  t o  

the  inf luence of a l t i t u d e  on ca rd iac  a c t i v i t y ,  I .  K. Mishchenko (1963), e s t a -  
bl ished i n  experiments on dogs, t h a t  t he  threshold of e l e c t r i c a l  f i b r i l l a t i o n  

does not change diiring t h e  movement of dogs from lowlands t o  the mountains or 

v ice  versa .  

Prophylaxis and t h e  Therapy of Electrotrauma - 
The prophylaxis of electrotrauma conc i s t s  i n  s a f e t y  measures, and labor 

hygiene which w i l l  not be examined here .  

The therapy o f  electrotrauma depends upon the  form of in ju ry .  With t h e  

r e sp i r a to ry  form, standard methods of a r t i f i c i a l  r e s p i r a t i o n  are employed 

( a f t e r  S i l v e s t e r  or Schaeffer) .  

e f f e c t i v e  than in tuba t i cn  w i t h  rhythmic forcing of a i r  i n t o  t h e  lungs, f o r  

during t h i s  process the endings of the vagus nerve are s t imulated add i n  t h e  

same way, t h e r e  is  adequate (rhythmic) stimulation of t h e  r e s p i r a t o r y  cen te r .  

T s i t i t o n  ( c y t i s i n e  so lu t ion )  and lobe l in  (Lobeline, o r  i n f l a t i n e ) ,  according t o  

our observations,  o r  are s l i g h t l y  e f f e c t i v e  and occasional ly  even worsen t h e  

condition, apparently as t h e  r e s u l t  of a sharply a l t e r e d  (and even inverted)  

react iveness  of t h e  orgallism which has received severe electrotrauma. 

However, t o  a s i g n i f i c a n t  extent they are less 

During the  ca rd iac  form, t h e  b a s i c  task is  t h a t  of e l iminat ing f i b r i l l a -  

t i o n .  

with vol tage on the  o rde r  of  6 kV, which are obtained by t h e  a i d  of d o f i b r i l l a -  

t i o n  instruments. V .  Ya. Eskin and A.  M. Klimv created the  po r t ab le  d e f i b r i l l a -  

t o r  (DPA-3) with automatic current source and cardioscope, which make it poss ib l e  

For t h i s  purpose, s h o r t  pulses of a durat ion of 0.01 seconds are employed 
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t o  t r a c e  t h e  e f f e c t i v e  supply of  pulse ,  f o r  d e f i b r i l l a t i o n  i s  always not 

eliminated with the  f i r s t  pu lse .  

causing pokerrul ex t r a sys to l e  of  t he  e n t i r e  hea r t  and thereby r e s t c r i n g  t h e  

rhythm of  t h e  cont rac t ion .  

'Ihe i n t e n t  of d e f i b r i l l a t i o n  cons i s t s  i n  

During the  snock form of  i n j u r y  ordinary antishock measures a r e  ca r r i ed  

out which a r e  employed i n  the  to rp id  phase, for i n  t h e  e r e c t i l e  s t age ,  as  t he  

r e s u l t  of  i t s  extremely r ap id  course,  one can succeed i n  doing nothing. I t  

is expedient t o  employ coronary d i l a t i n g  drugs.  
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